Abstract. An analysis is carried out to study two dimensional stagnation-point flow of heat and mass transfer of an incompressible, electrically conducting fluid towards a heated porous stretching sheet embedded in a porous medium in the presence of chemical reaction, heat generation/absorption and suction or injection effects. A scaling group of transformations is applied to the governing equations. After finding three absolute invariants a third order ordinary differential equation corresponding to the momentum equation and two second order ordinary differential equation corresponding to energy and diffusion equations are derived. Furthermore the similarity equations are solved numerically by using shooting technique with fourth-order Runge-Kutta integration scheme. A comparison with known results is excellent. The phenomenon of stagnation-point flow towards a heated porous stretching sheet in the presence of chemical reaction, suction or injection with heat generation/absorption effects play an important role on MHD heat and mass transfer boundary layer. The results thus obtained are presented graphically and discussed.
Introduction
The theoretical study of magnetohydrodynamic (MHD) has been a subject of great interest due to its widespread applications in designing cooling systems which are liquid metals, MHD generators, accelerators, pumps and flow meters. Furthermore the continuous surface heat and mass transfer problem has many practical applications in electro-chemistry and polymer processing. Various aspects of this problem have been studied by some researchers (Chakrabarti and Gupta, [1] ; Gupta and Gupta, [2] ; Sakiadis, [3] [4] [5] ). Most studies have been concerned with constant surface velocity. In nature, the presence of pure air or water is impossible. Some foreign mass may be present either naturally or mixed with air or water. The equations of motion for gas or water flow, taking into account the presence of foreign mass of low level were derived by Gebhart [6] and the effect of the presence of foreign mass on the free convection flow past a semi infinite vertical plate were studied by Gebhart and Pera [7] . Furthermore, the presence of foreign mass in air or water is caused by some kind of chemical reaction. During chemical reaction between two species, heat is also generated. Elperin and Fominykh [8] discussed the exact analytical solution of a convective diffusion from a wedge to a flow with a first order chemical reaction at the surface. The effects of mass transfer on flow past an impulsively started infinite vertical plate with constant heat flux and chemical reaction were studied by Das et al. [9] . Recently, Chiam [10] studied two-dimensional steady stagnation-point flow of an incompressible viscous fluid towards a stretching surface. Mahapatra and Gupta [11] studied two-dimensional stagnation-point flow of an incompressible viscous electrically conducting fluid towards a stretching surface. Mahapatra et al. [12] studied two-dimensional stagnation-point flow of an incompressible viscous electrically conducting power-law fluid over a stretching surface. Mahapatra and Gupta [13] studied the steady two dimensional stagnation-point flow and heat transfer characteristics over a stretching sheet. Lie group analysis, also called symmetry analysis was developed by Sophius Lie to find point transformations which map a given differential equation to it self. This method unifies almost all known exact integration techniques for both ordinary and partial differential equations Oberlack [14] . In the field of fluid mechanics, most of the researchers try to obtain the similarity solutions in such cases. In case of scaling group of transformations, the group-invariant solutions known similarity solutions, Pakdemirli and Yurusoy [15] . Lie group of transformations theory is used in this paper to find out the symmetries of the problem and then to study which of them are appropriate to provide groupinvariant or more specifically similarity solutions. This method applied intensively by some researchers [16] [17] [18] [19] [20] [21] [22] . In this paper, we discuss a steady two dimensional stagnationpoint flow of heat and mass transfer over a heated porous stretching sheet embedded in a porous medium in the presence of a chemical reaction, suction or injection with heat generation/absorption effects. By applying the scaling group transformations, the set of governing equations and the boundary conditions are reduced to non-linear ordinary differential equations with appropriate boundary conditions. Finally, the similarity equations are solved numerically by using shooting technique with fourth-order Runge-Kutta integration scheme. magnetic field B 0 is imposed along theȳ-axis. The induced magnetic field is neglected as the magnetic Reynolds number of the flow is taken to be very small. It is also assumed that the external electric field is zero and the electric field due to polarization of charges is negligible. The temperature and the concentration of the ambient fluid are T ∞ and C ∞ , and those at the stretching surface are T w and C w respectively. It is also assumed that the viscous and electrical dissipation are neglected. The MHD equations for two dimensional stagnation-point flow of heat and mass transfer boundary layer towards a heated porous stretching sheet are [11] :
The boundary conditions for Eqs. (1)-(4) are expressed as:
whereū,v are the velocity components in thex andȳ directions respectively, ν is the kinematic viscosity, σ is the electrical conductivity, ρ is the density of the fluid,T andT ∞ are the temperature of the fluid inside the thermal boundary layer and the fluid temperature in the free stream, respectively, whileC andC ∞ are the corresponding concentrations.
Also, C 1 and a are positive constants,Ū w (x) is the stretching velocity,Ū e (x) is the stagnation point velocity,v w is a transpiration velocity through the porous surface, C P is the specific heat at constant pressure, α is the thermal diffusity, k is the permeability of the porous medium, k 0 is the reaction rate constant, n order of reaction and D is the diffusion coefficient. We introduced the following dimensionless quantities:
where U 1 is the characteristic velocity. Substitution from Eq. (6) into Eqs. (1)- (4) and boundary conditions (5), gives
From the continuity equation (7), there exists a stream function ψ(x, y) such that
which satisfies Eq. (7) identically. Substitution from Eq. (12) into Eqs. (7)- (10) and (11), gives
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Scaling group of transformations
We now introduce the simplified form of Lie group transformations namely, the scaling group of transformations [23] :
Equation (17) may be considered as a point-transformation which transforms coordinates (x, y, ψ, u, v, U e , θ, φ) to the coordinates (x * , y * , ψ * , u * , v * , U * e , θ * , φ * ), substituting (17) in Eqs. (13)- (15) and boundary conditions (16), we get
The system will remain invariant under the group of transformations Γ ; we would have the following relations among the parameters, namely
By solving the previous conditions with boundary conditions, we obtain
The set of transformations Γ reduces to
Expanding by Taylor's method in powers of and keeping terms up to the order , we get
In terms of differentials these yield
Solving the above equations, we get
With the help of these relations, Eqs. (18)- (20) and boundary conditions (21), become
With boundary conditions:
where primes denote differentiation with respect to η, M = B 0 σ/ρC 1 is the Hartmann number, k 1 = ντ /(kC 1 ) is porosity parameter, λ = a/C 1 is the velocity parameter, Pr = ν/α is the Prandtl number, β = Q 0 /(ρC 1 C P ) is the heat source or sink parameter,
is the suction or injection parameter. The quantities of physical interest in this problem are the local skin friction coefficient, the local Nusselt number, and the local Sherwood numbers, which are defined by:
4 Numerical method for solution
Equations (28)-(30) constitute a highly non-linear coupled boundary value problem of third and second order, which closed-form solution cannot be obtained. Hence the problem has been solved numerically using a shooting technique along with fourth order Runge-Kutta integration. The basic idea of the shooting method for solving boundary value problem is to try to find appropriate initial condition for which the computed solution "hits the target" so that the boundary conditions at the other points are satisfied. Furthermore, the higher order non-linear differential equations are converted into simultaneous linear differential equations of first order and they are further transformed into initial valued problem applying the shooting method incorporating fourth order Runge-Kutta method. The iterative solution procedure was carried out until the error in the solution became less than a predefined tolerance level. So we develop most effective numerical shooting technique with fourth-order Runge-Kutta integration algorithm. To select η ∞ we begin with some initial guess value and solve the problem with some particular set of parameters to obtain f (0), θ (0) and φ (0). The solution process is repeated with another larger value of η ∞ until two successive values of f (0), θ (0) and φ (0) differ only after desired digit signifying the limit of the boundary along η. The last value of η ∞ is chosen as appropriate value for that particular set of parameters. Equations (28)-(30) of third order in f and second order in θ and φ has been reduced to a system of seven simultaneous equations of first order for seven unknowns following the method of superposition [24] .
To solve this system we require seven initial conditions whilst we have only two initial conditions f (0) and f (0) on f , two initial conditions on each θ and φ. Still there are three initial conditions f (0), θ (0) and φ (0) which are not prescribed. Now, we employ numerical shooting technique where these two ending boundary conditions are utilized to produce two known initial conditions at η = 0. The computer program of the numerical method was executed in MATHEMATICA 7 TM running on a PC.
Results and discussion
By using a scaling group of transformations to analysis of the governing equations and the boundary conditions, the two independent variables are reduced by one consequently the governing equations reduce to a system of non-linear ordinary differential equations with the appropriate boundary conditions. Finally the system of similarity Eqs. (28)- (30) with boundary conditions (31) are solved numerically by employing shooting technique with fourth-order Runge-Kutta integration algorithm similar to that described by Na [24] . In order to get a clear insight of the physical problem, the velocity f , the temperature θ and the concentration φ have been discussed by assigning numerical values to the parameters encountered in the problem. Comparison with previously published data available in the literature as well as the exact solution for some particular cases shows a good agreement [25] . The comparison is shown in Table 1 . Table 1 . Values of f (0) for different values of η at S = M = k1 = λ = 0. In order to assess the accuracy of the numerical method, we have compared our local skin friction with the previously published work [26] , and [27] . The comparison is shown in Table 2 and a good agreement was observed. From Table 3 , it is observed that the local Nusselt number, θ (0), increases with an increase in Prandtl number Pr , while it decreases with an increase in heat source or sink parameter β. Table 4 ; exhibit the behavior of the skin friction coefficient, f (0), the local Nusselt number, −θ (0), and the local Sherwood number, −φ (0), for different values of Hartmann number, M , and suction or injection parameter S. It is observed that the skin friction coefficient, f (0), increases with an increase in Hartmann number, M , and suction or injection parameter S. The local Nusselt number, −θ (0), and the local Sherwood number, −φ (0), increase with an increase suction or injection parameter, S, and decrease with an increase in Hartmann number M . Table 5 ; exhibit the behavior the local Nusselt number, −θ (0), and the local Sherwood number, −φ (0), for different values of porosity parameter k 1 and the velocity parameter λ. It is observed that the local Nusselt number, −θ (0), and the local Sherwood number, −φ (0), decrease with an increase porosity parameter k 1 for a fixed value of λ with λ < 1, and the opposite is observed when λ > 1. Finally, for a fixed value of k 1 both the local Nusselt number, −θ (0), and the local Sherwood number, −φ (0), increase with an increase in velocity parameter λ. From Table 6 , it is observed that the local Sherwood number, −φ (0), increases with an increase chemical reaction parameter γ while it decreases with an increase in order of reaction n. Figure 2 , show that for a fixed value of λ with λ < 1, the velocity at a point decreases with increase in the Hartmann number M . This can be explained physically as follows. As the strength of the magnetic field characterized by M increases, the Lorentz force which opposes the flow in the boundary layer also increases and leads to enhanced deceleration of the flow. On the other hand for a fixed value of λ with λ > 1, the velocity at a point increases with increase in M . This paradoxical result can be explained by the fact that when λ < 1, the velocity of the stretching sheet exceeds the velocity of the inviscid stream and an inverted boundary layer is formed near the surface. Figures 3 and 4 show that the temperature and the concentration profiles increase with an increase in Hartmann number M . The effects of a transverse magnetic field on an electrically conducting fluid gives rise to a resistive-type force called the Lorentz force. This force increases its temperature and concentration boundary layers. On the contrary, the temperature and the concentration profiles decrease with an increase of velocity parameter λ. Figure 5 , shows that for a fixed value of λ with λ < 1, the velocity at a point decreases with increase in porosity parameter k 1 . That is because, λ < 1 for an increase k 1 causes an increase in boundary layer thickness and as a result a decrease in the velocity. On the other hand for a fixed value of λ with λ > 1, the velocity at a point increases with increase in porosity parameter k 1 . That is because, for λ > 1 an increase k 1 causes a decrease in boundary layer thickness and as a result an increase in the velocity. Also, it is observed that the temperature and concentration profiles are not sensitive with increase of porosity parameter k 1 and velocity parameter λ. Figures 6(a), 6(b) , 7, and 8 depict the velocity, the temperature, and the concentration profiles for different values of velocity parameter λ and suction or injection parameter S. Figures 6(a) , 6(b) , show that for a fixed value of λ with λ < 1, the velocity at a point decreases with increase in the suction or injection parameter S, and the opposite is observed when λ > 1. Figures 7 and 8 show that the temperature and the concentration profiles decrease with an increase in velocity parameter λ and suction or injection parameter S. Figure 9 shows that the temperature profiles increase with an increase in heat source or sink parameter β. Also, it is observed that the velocity and concentration profiles are not sensitive with an increase in heat source or sink parameter β. Figure 10 , shows that the concentration profiles increase with an increase in order of reaction n while it decreases with an increase in chemical reaction parameter γ. Also, it is observed that the velocity and temperature profiles are not sensitive with an increase in chemical reaction parameter γ and order of reaction n. 
Conclusions
The present work helps us understanding numerically as well as physically the stagnationpoint phenomenon on heat and mass transfer flow of an incompressible, electrically conwww.mii.lt/NA ducting fluid towards a heated porous stretching sheet embedded in a porous medium in the presence of chemical reaction, heat generation/absorption and suction or injection effects. The similarity solutions are obtained using scaling transformations. The set of governing equations and the boundary condition are reduced to ordinary differential equations with appropriate boundary conditions. Furthermore the similarity equations are solved numerically by using shooting technique with fourth-order Runge-Kutta integration scheme. A comparison with previously published work is performed and the results are found to be in good agreement. Based on the obtained results, the following conclusions may be drawn:
(i) The local Nusselt number increases with an increase in Prandtl number Pr , while it decreases with an increase in heat source or sink parameter β.
(ii) The skin friction coefficient increases while the local Nusselt number and the local Sherwood number decrease with an increase in Hartmann number M .
(iii) The skin friction coefficient, the local Nusselt number, and the local Sherwood number increase with an increase in suction or injection parameter S.
(iv) The local Nusselt number and the local Sherwood number decrease with an increase porosity parameter k 1 for λ < 1, and the opposite are observed when λ > 1.
(v) The local Sherwood number increases with an increase chemical reaction parameter γ while it decreases with an increase in order of reaction n.
(vi) The velocity profiles decreases with increase in the Hartmann number M , porosity parameter k 1 and suction or injection parameter S for λ < 1, and the opposite is observed when λ > 1. The temperature and the concentration profiles increase with an increase in Hartmann number M while both of them decrease with an increase in velocity parameter λ and suction or injection parameter S.
(vii) The temperature profiles increase with an increase in heat source or sink parameter β. The concentration profiles increase with an increase in order of reaction n while it decreases with an increase in chemical reaction parameter γ. 
